THE REGULATION OF  THE  HEARTS   ACTION
powerful influence upon cardiac action. Excess of carbon di-
oxide (e.g., in asphyxia) increases the tone of the cardio-
inhibitory center, reduces the rate of impulse formation in the
S-A node, and depresses conduction in the auriculo-ventricular
bundle; the heart is therefore slowed. When the pressure of
carbon dioxide is such that a marked change in blood reaction
toward the acid side occurs (e.g., to pH 7.0), heart block results.
Reduction in the carbon dioxide pressure in the blood (as may
be produced by prolonged forced breathing, p. 279) causes the
reverse effects, namely, decrease in the tone of the cardio-
inhibitory center, increased rate of impulse formation in the
S-A node, and enhanced conduction in the A-V bundle.
A low oxygen pressure in the blood causes an increase in
heart rate. If the oxygen lack is severe or prolonged, slow-
ing of the beat occurs, irregularities appear, and the heart fails.
The heart muscle is unable to contract for long unless the oxy-
gen supply is adequate; it is much more susceptible to oxygen
lack (anoxia) than is skeletal muscle,
The length of the muscle fiber in relation to the force of the
cardiac contraction. It has been demonstrated experimentally
that the well-nourished heart possesses great reserves of energy.
For example, when, as in muscular exercise, the quantity of
blood entering the ventricles during their period of filling
(diastole) is increased several fold, the heart ejects without dif-
ficulty the greater quantity of blood during the succeeding sys-
tole. Again, when the arterial blood pressure is raised to
double the normal value, the left ventricle readily overcomes
the greater resistance and discharges its contents as easily, ap-
parently, as it did at the lower pressure. Starling found that
the dog's heart was capable of discharging, per minute, a
weight of blood nearly 60 times that of the heart itself. We
have already seen that the minute volume of a robust man,
whose heart weighs about 300 grams, may amount to over 35
liters (approximately 35 kilograms).
How does the heart gain the required energy for the per-
formance of the extra work? Now, it is well known that a
skeletal muscle contracts more forcibly if it is stretched by a